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The glass–ceramic with the composition x(LiFe5O8)/(100 – x) SiO2 (x  20, 30, 40, 50, 100 wt. % ) were 
prepared by sol gel auto-combustion method. The influence of the SiO2 ratio in the glass-ceramics strucure 
prepared was investigated by X-ray diffraction (XRD) and scanning electron microscopy (SEM). Crystalline 
phases (LiFe5O8, SiO2, Fe2O3) were observed by X-ray powder diffraction in the glasses annealed at 800 C 
for 2h. The crystallite size was found to increase from 27.29 nm (x  20%) to 91.48 nm (x  100 %). The mi-
crostructure of the formed powders was SiO2 ratio dependent. Increasing the SiO2 ratio was found to inhib-
it the grain growth of the formed ferrite. The  electrical conductivity of glass-ceramics samples were raised 
with increasing the concentration of SiO2 ratio as the result of increasing the hopping of electrons between 
Fe2+ and Fe3+ ions. The magnetic characteristics of the prepared glass ceramics were performed using a 
vibrating sample magnetometer in function of the magnetic field. The samples heat-treated at 800 C for 
2h present a ferrimagnetic behavior. Alongside, the formed crystalline silicate lithium ferrite had good 
magnetic properties. High saturation magnetization (51.9 emu/g) was attained the formed ferrite sample of 
x  100 % ratio annealed at 800°C for 2h. 
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1. INTRODUCTION  
 
The preparation of LiFe5O8 nanoparticles embedded 
in a glass matrix, through the sol-gel method is a topic 
with a few numbers of published works. The sol-gel 
method shows considerable advantages relatively to the 
conventional methods because it allows preparing new 
glass and glass–ceramic compositions, at low tempera-
tures and permit, through heat-treatments, control the 
size and morphology of the crystallized particles [1]. The 
effect of on nano-SiO2 various structural, microstructure, 
electrical, dielectric and magnetic properties has been 
reported, and a mutual influence between the structure 
and the cationic distribution is recognized. It seems only 
very little work has been done so far on the cation distri-
bution of silicate lithium ferrites [2]. Therefore, in the 
present work, we focused on the synthesis of silicate lith-
ium ferrite using sol gel auto-combustion method using 
urea as a fuel. Our previous studied involved that the 
existence of pure lithium ferrite with good magnetic 
properties was obtained using urea based on sol gel reac-
tion method at different calcined temperatures from 400 
to 800 C for 2h. Hence, the impact of SiO2 ratio on the 
crystal structure, microstructure, conductivity and mag-
netic properties of the new synthesized  
x (LiFe5O8)/(100 – x) SiO2 nanoparticles with (x  20, 30, 
40, 50, 100 wt. % ) is extensively studied using different 
physical approaches in this work. 
Recent developments of lithium ferrite have at-
tracted a lot of research interest due to advantageous 
properties such as high saturation magnetization, low 
dielectric losses and excellent square shaped of hyste-
resis curve, excellent dielectric properties, high resis-
tivity ~ 108 Ω cm, lower eddy current, relatively high 
Curie temperature (620 °C), high chemical inertness, 
thermal stability, high resistivity and low eddy current 
losses, low cost and safety. Due to these unique proper-
ties, it promises  to be a potential prolonged application 
for microwave devices instead of  expensive yttrium 
iron garnet (YIG) like  circulators, phase shifters, isola-
tors, power transformation in electronics, memory core, 
antennas and high-speed digital tapes. Furthermore, it 
is exploited for lithium ion batteries, high-density 
magnetic recording, magnetic fluids, magneto-caloric 
refrigeration, magnetic resonance imaging enhance-
ment, magnetically guided drug delivery and multi-
layer chips inductors [3]. Numerous wet chemical 
methods have been applied to synthesize lithium ferrite 
fine particles including ball milling [4], sol gel [5], com-
bustion method [6-8], hydrothermal [5,10-11], sol-
vothermal [12], aerosol route [13] co-precipitation [14] 
and microemulsion [9] techniques. It is claim mention-
ing that ferrites powders prepared by sol gel auto-
combustion method technique at low annealing tem-
perature possesses homogeneous microstructure, fine 
particle size, narrow size distribution, minimum parti-
cle agglomeration  good chemical purity and improved 
physical properties [10-18]. Meanwhile, the origin of 
magnetic and dielectric properties of lithium ferrite is 
regarded to the variety of metal substitution. 
 
2. EXPERIMENTAL PROCEDURE 
 
The glass–ceramics samples of the composition  
x (LiFe5O8)/(100 – x) SiO2 (x  20, 30, 40, 50, 100 wt. % ) 
have been synthesized using sol gel auto-combustion 
method based on urea as a fuel.  Chemically grade fer-
ric nitrate (Fe(NO3)3·9H2O), lithium nitrate (Li-
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NO3.3H2O), (TEOS) tetraethylorthosilicate (C8H20O4Si) 
[M.W 208.32 with purity 99%]  and urea (NH2.CO NH2) 
were used as starting materials as shown in Fig. 1. The 
aqueous solution of ferric, lithium and TEOS with Fe3+: 
Li+ molar ratios (1.5) to x (LiFe5O8)/(100 – x) SiO2 [19] 
was gently stirred on hot-plate magnetic stirrer for 15 
min. followed with addition of an aqueous solution of 
urea to the mixtures with continuous stirring. The pH 
of the solution was adjusted at 7 by adding ammonia 
solution to form the gel. The solution was evaporated to 
80 °C with constant stirring until viscous resin was 
formed and then dried at 100°C overnight. For the for-
mation of the silicate lithium ferrite phase, the dry pre-
cursors of x (LiFe5O8)/(100 – x) SiO2 (x =20, 30, 40, 50, 
100 wt. % ) were annealed at the rate of 10 °C/min in 
static air atmosphere at  800 °C and maintained at the 
temperature for annealed time 2 h. The measurements 
were carried out in a current of argon atmosphere. The 
crystalline phases presented in the different annealed 
samples were distinguished by X-ray diffraction XRD on 
a Brucker axis D8 diffractometer using Cu-Kα 
(  1.5406 Å) radiation and secondary monochromator 
in the range 2 from 20 to 70°. The change in ferrites 
particles morphologies was adjusted by field emission 
scanning electron microscope (FE-SEM, QUANTA FEG 
250). The ac electrical conductivity for the investigated 
samples was performed over a temperature range from 
30 to 200°C and frequency range from 20Hz to 10MHz 
using (LCR-8110G) precision LCR meter. The magnetic 
properties of the ferrites were measured at room tem-
perature using a vibrating sample magnetometer (400-1 
VSM, U.S., Lake Shore Co., Ltd., USA) in a maximum 
applied field of 20 kOe. From the obtained hysteresis 
loops, the saturation magnetization (Ms), remanence 
magnetization (Mr) and coercivity (Hc) were determined. 
 
3. RESULTS AND DISCUSSION 
 
3.1 Crystal structure 
 
Fig. 2 shows the powder X-ray diffraction patterns of 
x (LiFe5O8)/(100 – x) SiO2 (x  20, 30, 40, 50, 100 wt.%) 
powders synthesized by sol-gel auto combustion using 
urea annealed at 800 °C for 2h. It was evident that the 
silicate lithium ferrite specimens contain crystalline 
 
 
 
Fig. 1 – Flow chart of silicate lithium ferrite sol-gel procedure. 
 
 
Fig. 2 – XRD patterns of x (LiFe5O8)/(100 – x) SiO2 (x  20, 30, 40, 
50, 100 wt. %) powders annealed at 800 C for 2h. 
 
phases (LiFe5O8, SiO2, Fe2O3) which observed by X-ray 
powder diffraction in the glasses annealed at 800 C for 
2h. The influence of the SiO2 ratio in the glass-ceramics 
structure prepared was investigated by X-ray diffraction 
(XRD). The diffraction pattern of the x  100 % sample 
was exhibited well crystalline cubic LiFe5O8 (JCPDS # 
82-1436) phase. The diffraction peaks belonging to (210) 
(211) (220) (311) (400) (422) (511) and (400) planes of 
lithium ferrite were indexed. 
Noticeably, lattice parameter (a) as well as unit cell 
volume (Vcell) of the silicate lithium ferrite specimens 
was calculated and the results were listed in Table 1. 
The measured lattice parameter for x (LiFe5O8)/(100 – x) 
SiO2 phase was found to be 0.833 ± 0.01 nm which was 
in good agreement with that mentioned in the JCPDS 
card. Alongside, Table 1 also records the crystallite sizes 
of x (LiFe5O8)/(100 – x) SiO2 ferrites for the most intense 
peak [(3 1 1) plane] observed at 2θ ≈ 35.825° based on 
the XRD data using the Debye-Scherrer formula. It was 
found that the crystallite size was minified with addition 
of SiO2 ratio. It was found to reduce from 91.5 nm for 
pure lithium ferrite (x  100%) to 27.29 nm for (x  20 %).  
 
Table 1 – Average crystallite size, lattice constant and cell 
volume for x (LiFe5O8)/(100 – x) SiO2 ferrite samples annealed 
at 800 C for 2h. 
 
 
3.2 Microstructure 
 
Fig. 3 displays the field emission scanning electron mi-
croscope (FE-SEM) of x (LiFe5O8)/(100 – x) SiO2 (x  20, 
30, 40, 50, 100 wt.%) powders annealed at 800 C for 2h. 
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Fig. 3 – SEM images of x (LiFe5O8)/(100 – x) SiO2  powders an-
nealed at 800 C for 2h. 
 
It is clear that the distribution of the grains with uni-
form size in each composition was observed. Besides, the 
grain size was significantly depended on the SiO2 ratio. 
The grain size was gradually minimized with increasing 
SiO2 content which agrees with XRD results.  
 
 
3.3 Electrical properties 
  
3.3.1 The Temperature dependence of AC conductivity 
 
Fig. 4 illustrates the temperature dependence of AC 
conductivity, σac, for all investigated samples of x 
(LiFe5O8)/(100 – x) SiO2 (x  20, 30, 40, 50, 100 wt.%) 
powders annealed at 800 °C for 2h over a temperature 
range from 30 to 200°C and frequency range from 20Hz  
 
 
 
 
Fig. 4 – Electrical conductivity versus inverse of temperatures for 
x (LiFe5O8)/(100 – x) SiO2  powders annealed at 800 C for 2h. 
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to 10MHz. The relation between the temperature and 
AC conductivity σac was estimated from the Arrhenius 
expression as the following: 
 
 σac  σ0 exp( – Ea(ac)/kT) (3.1) 
 
Where σ0 is the pre- exponential factor contains sev-
eral constants, k is the Boltzmann's constant, T is the 
absolute temperature and Ea(ac) is the AC activation 
energy for conduction. 
The activation energies were calculated from 
straight line fit using Eq. 3.1 compositions and they 
were given in Table 2. It is noticeable that the AC con-
ductivity σac was steadily increased upon increasing of 
temperature and SiO2 content. However, the mecha-
nism of electrical conduction is similar to that of dielec-
tric polarization. In the low frequency region, grain 
boundaries with high resistance were effective, giving a 
constant plateau region (σac). At higher frequencies, the 
increase in conductivity was imputed to grain effect 
and increased hopping of charge carriers between 
Fe2+/Fe3+ ions at the adjacent octahedral sites [19, 20]. 
On the other hand, the increase in conductivity with 
temperature was related to thermally activated hop-
ping of charge carriers [21, 22]. Additionally, the in-
crement of σac with SiO2 ratio was attributed to the 
increase in the magnitude of electronic exchange which 
was dependent on the concentration of Fe3+/Fe2+ ion 
pairs present on B-site as depicted in Fig. 5. 
 
Table 2 – Activation energies obtained from Arrhenius plots 
for x (LiFe5O8)/(100 – x) SiO2  powders annealed at 800 C for 2h. 
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Fig. 5 – Dependence of ac electrical conductivity on x ratio of x 
(LiFe5O8)/(100 – x) SiO2  powders annealed at 800 C for 2h. 
 
3.3.2 The Frequency dependence of ac conductivity 
 
Generally, the total conductivity is expressed by the 
following power relation 
 
 σac()  As (3.2) 
 
Where A is a temperature dependent parameter,  is 
the angular frequency and the frequency exponent s is a 
temperature-dependent parameter with values between 
0 and 1. Fig. 6 presents the variation of electrical con-
ductivity σac() with frequency 20 Hz to 10 MHz. One 
can note that values of conductivity were gradually in-
creased with increasing the applied field frequency. The 
increasing in (σac) with applied field frequency was expli-
cated in the fact  that the pumping force of the applied 
frequency that helps in transferring the charge carriers 
between the different localized states as well as liberat-
ing the trapped charges from the different trapping cen-
ters. The exponent s was determined as a function of 
composition for each sample, in the temperature range 
from 30 to 200 C by plotting ln σ versus ln  according 
to Eq. 2 as depicted in Fig. 6   which represents straight 
lines with slope equal to the exponent s and the varia-
tion of the exponent s is given in Table 3. It is obviously 
that the value of s was between 0 and 1. When s  0, the 
electrical conduction was frequency independent or DC 
conduction, but for s ≤ 1, the conduction was frequency 
dependent or AC conduction. Consequently, it is distinct-
ly that the exponent s was located in two ranges. In the 
range 0.5 ≤ s ≤ 1 which evidenced the electron hopping 
between Fe+2 and Fe+3 ions and the values of s ≤ 0.5 
which demonstrated the domination of ionic conductivity 
[23]. Table 3 devotes the values of s which proved that 
the exponent s was positioned in the two ranges. There-
fore, the manner of σ′ with frequency and s with temper-
ature denoted that the classical barrier hopping model is 
the most favorable mechanism to expound the conduc-
tion mechanism for the compositions under investiga-
tion. The charge carriers responsible for the conduction 
process are the electron hopping between Fe2+ and 
Fe3+ ions in the case of silicate lithium ferrite samples. 
 
Table 3 – The values of the exponent “s value” for x 
(LiFe5O8)/(100 – x) SiO2  powders annealed at 800 C for 2h.at 
different temperatures. 
 
s value 
x
 (
w
t.
 %
) 
 
30 °C 50 °C 75 °C 100 °C 150 °C 200 °C 
20  0.291 0.222 0.294 0.479 0.408  0.393  
30  0.527  0.575 0.591  0.613  0.524  0.495  
40  0.474 0.369  0.422  0.243  0.287  0.284  
50  0.499 0.489  0.397  0.515  0.417  0.562  
100  0.692 0.648  0.831  0.998  0.874  0.855  
 
3.4 Magnetic properties 
 
The magnetization of x (LiFe5O8)/(100 – x) SiO2 powders 
was measured at room temperature under an applied 
field of 20 kOe and the hysteresis loops of the ferrite 
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Fig. 6 – Dependence of AC conductivity on the frequency of x 
(LiFe5O8)/(100 – x) SiO2  powders annealed at 800 C for 2h. 
powders were obtained. Fig. 7 shows the nexus of mag-
netization (M) as a function of applied field (H). Subse-
quently, the magnetic parameters are listed in Table 4. 
It is distinctly that the saturation magnetization of the 
ferrite powders was increased with increasing the x 
content upon x  40 %. Thereafter, it was decreased 
with x  50%. The observed magnetization was a result 
of the simultaneous influence of several extrinsic and 
intrinsic factors such as density, anisotropy, grain size, 
cation distribution and the A–B exchange interaction 
[24-25]. With further incorporation of x content 
(x > 50 %), the increase in Ms can be attributed to the 
increased migration of Fe3+ ions from the A- to B-site. 
This migration results in an increase in Fe3+ ion con-
centration at B-site which gives rise to parallel spin 
coupling. This results in the strong of the A–B ex-
change interaction, leading to the increasing of the 
magnetization [26-30]. Moreover anomalous behavior 
of Hc was due to the different magnetic moment of Fe 
in silica. This may be imputed to changes in the parti-
cle size and the low magnetic anisotropy [31-34]. 
 
Table 4 – The magnetic properties for x (LiFe5O8)/(100 – x) 
SiO2 ferrite samples annealed at 800 °C for 2h. 
 
x (wt. %) Ms (emu/g) Mr(emu/g) Hc (Oe) 
20 0.665 0.069 194.70 
30 1.000 0.123 244.23 
40 2.634 0.100 96.161 
50 0.712 0.075 221.03 
100 51.896 7.960 145.72 
 
 
Fig. 7 – M-H hysteresis loop of of x (LiFe5O8)/(100 – x) SiO2  
powders annealed at 800 C for 2h. 
 
4. CONCLUSIONS 
 
The glass-ceramic with the composition x 
(LiFe5O8)/(100 – x) SiO2 nanopowders have been success-
fully synthesized by sol gel auto-combustion method us-
ing urea as an organic fuel. The results from XRD, FE-
SEM, AC electrical conductivity and VSM studies are 
summarized as follows: 
 The crystallite size was found to increase from 27.29 
nm (x  20 %) to 91.48 nm (x  100 %). 
 Crystalline phases of (LiFe5O8, SiO2, Fe2O3) were 
observed by XRD analysis.  
 The crystallite size of the formed powders was 
found to minify with increasing the SiO2 content. It 
was found to decrease from 91.5 nm for pure lithi-
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um ferrite to 27.3 nm with SiO2 ratio of 80 %. 
 The microstructure of x (LiFe5O8)/(100 – x) SiO2 
powders was dependent on content of SiO2.  
 AC conductivity of the formed ferrite powders was 
slightly increased at low frequencies and abruptly 
at high frequencies. Moreover, Ac conductivities of 
these ferrites were increased as the result of the in-
crement of temperature and content of SiO2 due to 
increase the hopping of electrons between Fe2+ and 
Fe3+ ions. 
 The formed glass-ceramic with the composition x 
(LiFe5O8)/(100 – x) SiO2 powders had good magnetic 
properties. High saturation magnetization (51.9 
emu/g) was fulfilled for the formed ferrite at anneal-
ing temperature 800 C for 2h with x  100 %. 
 Such ferrite nanomaterials would be good candidate 
for several potential applications including, e.g. mi-
crowave devices and high-density magnetic record-
ing media. These ferrite compositions are useful for 
the multilayer chip inductors which are important 
components for electronic products such as notebook 
computer and cellular phone. 
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